Objective: This study examines the validity of the NAB Screening Module (screening module of the neuropsychological assessment battery, S-NAB) in an acute traumatic brain injury (TBI) inpatient population and provides psychometric evaluation of an original index sensitive to TBI impairment. Method: The utility of the S-NAB as a TBI screen was examined using a between groups design. One-hundred and four patients with mild complicated to severe TBI were recruited from a consecutive cohort of patients admitted as inpatients to a UK Major Trauma Centre. Ninetyeight control participants were selected from the S-NAB normative sample. All TBI patients completed the S-NAB during their inpatient stay. Results: Control participants scored significantly higher than TBI participants on the Total Screening index (t = 3.626, p < 0.01), The Attention index (t = 7.882, p < 0.01), and the Executive index (t = 5.577, p < 0.01). A briefer TBI Impairment index of six subtests was constructed which accurately discriminated TBI patients from normative controls (t = 9.9, p < 0.01; Cohen's d = 1.54). The TBI index had excellent classification accuracy (AUC = 0.83), superior to that of the standard S-NAB indices. The TBI Index, Attention Index, and Total Screening Index demonstrated increasing impairment with increased severity of injury. Conclusions: The S-NAB TBI index is a robust, reliable screening index for use with acute TBI patients, which is sensitive to the effects of acute TBI. It affords a briefer cognitive screen than the S-NAB and demonstrates a dose response relationship to TBI severity.
Introduction
Traumatic brain injury (TBI) can result in significant emotional, behavioral and cognitive sequelae that negatively impact on quality of life (Corrigan & Hammond, 2013) . Cognitive impairment is common following Moderate to Severe TBI (Dikmen, Machamer, Winn, & Temkin, 1995; Millis et al., 2001; Schretlen & Shapiro, 2003) . Outcome from mild complicated brain injury is less clear (de Guise et al., 2010; Kashluba, Hanks, Casey, & Millis, 2008; Lange et al., 2012) with some authors suggesting an outcome similar to moderate injuries. The typical outcome from uncomplicated mild TBI is largely full recovery by around 3 months (Larrabee, Binder, Rohling, & Ploetz, 2013) . While the vast majority of mild TBI cases might not present to services, or are seen only by emergency services, a substantial proportion of moderate to severe TBI cases will be admitted under neurosurgical or orthopedic care. It has been noted that there is inconsistency in discharge decision making from acute hospital admission, with decisions regarding discharge home tending to be made on the basis of injury severity ratings and socioeconomic factors tending to determine discharge to rehabilitation (Cuthbert et al., 2011) . de Oliveira Thais and colleagues (2014) note that initial severity markers and biomarkers are not good predictors of cognitive outcomes that are strongly associated with functional recovery. Acute cognitive screening can therefore contribute significantly to the identification of those in need of further support and rehabilitation. Hanks and colleagues (2008) note that cognitive screening at the acute stage is feasible and has predictive validity in relation to disability, functional independence and level of supervision. Indeed, Sherer and colleagues (2002) report that neuropsychological tests at the acute stage are incrementally predictive of productivity outcomes at 12 months, above and beyond other contributing factors such as the duration of Post-Traumatic Amnesia (PTA), education level, and pre-injury status. At the acute stage of care cognitive screens should be brief and repeatable. There may also be a requirement, where Neuropsychology provision is scarce, for such screens to be administered by staff with less experience of psychometric testing (e.g., therapy staff). The present paper examines the utility and validity of the screening module of the neuropsychological assessment battery (S-NAB) in an acute TBI population in the UK.
The NAB Screening Module is a 40 min screen covering the domains of Attention, Memory, Language, Visuospatial reasoning, and Executive Functions. It is co-normed with the NAB which itself assesses the same domains of cognition but with each domain being assessed by a dedicated module. There have been preliminary studies in relation to the S-NAB and the NAB in TBI and neurological populations. Zgaljardic and Temple (2010a) found, using the full version of the NAB in a postacute TBI population, that deficits were apparent in TBI patients relative to controls on psychomotor speed, selective and divided attention (Numbers and Letters task), verbal memory (story recall, list learning, and Daily Living Memory tests), and cognitive flexibility (Categories test). Abnormality, in this case, was defined as scores below the 10th percentile. Notably significant performance decrements were not observed on any indices or tests from the Language or Spatial cognitive domain modules. However, the small sample size (n = 20) reduces the external validity of this study. Donders and Levitt (2012) examined the validity of the NAB Attention, Memory, and Executive modules in 54 complicated mild to severe TBI participants and compared their performance with that of 54 demographically matched healthy controls. All three NAB indices demonstrated significant group differences and were highly negatively correlated with duration of coma. When scores fell below the 10th percentile patients with TBI were more than seven times more likely than controls to have a low Attention Index, eight times more likely to have a low Memory Index and four times more likely to have low Executive Functioning. The authors note that the Numbers and Letters and Mazes subtests had the most consistent evidence for sensitivity to brain injury. This is consistent with the broader literature regarding cognition and TBI, as both tests rely on psychomotor speed which is a common impairment after TBI (Mathias & Wheaton, 2007; Rassovsky et al., 2006) . The findings provide preliminary support for the criterion validity of the NAB in the assessment of patients with complicated mild to severe TBI.
As the NAB Screening Module demonstrates good sensitivity in relation to the full NAB battery, the screening module is a potentially more practical alternative for brief inpatient cognitive screening (White & Stern, 2003) . Iverson, Williamson, Ropacki, and Reilly (2007) examined the validity of the S-NAB in a mixed neurological sample of 37 patients and found performance decrements on the Attention Index (most notably on the Numbers and Letter cancellation tasks) and the Executive Functions Index (most notably on the Word Generation test). More than half of the sample scored greater than two standard deviations (SDs) below the mean on at least one test, and/or more than one SD below the mean on three or more test scores. The memory indices did not evidence marked impairment in this group.
There have been relatively few studies of the NAB Screening Module (S-NAB) in relation to TBI. Zgaljardic, Yancy, Temple, Watford, and Miller (2011) found that the S-NAB Total Index score was related to functional outcome as measured by the Mayo-Portland Adaptability Inventory (MPAI-4). Similarly, Temple and colleagues (2009) found the S-NAB to be related to the Functional Independence Measure. This association with adaptability and functional independence would suggest that the S-NAB Total Index Score has some degree of ecological validity.
When the S-NAB is compared to more comprehensive neuropsychological tests there is evidence for the construct validity of the domain scores of the S-NAB (Zgaljardic & Temple, 2010b) . There are, however, substantial intercorrelations between the subtests (Zgaljardic & Temple, 2010b) of the different S-NAB domains (e.g., the Executive Domain showed correlations with tests of attention and processing speed). This would suggest that the different S-NAB domains make demands upon shared latent cognitive resources, which remain unarticulated in the S-NAB indices. Furthermore, Zgaljardic and Temple (2010b) noted that the domain scores of the S-NAB have relatively low internal consistency, suggesting that interpretation at the subtest level may be more appropriate. For example, the Memory domain is comprised of a verbal recall and visual recognition task, and the attention module covers registration (digit span), working memory (backwards digit span) as well as speed, selective, and divided attention measured by two cancellation tasks. These different subtests may be of different utility in detecting impairment post-TBI.
In the present study we aim to extend the validation data of the NAB Screening Module in an acute TBI population, using a larger sample than has been reported to date. In addition, based on the suggestion by other authors that the index scores may not reflect discrete cognitive domains in this group, and that certain subtests show potentially greater utility to the detection of TBI, we sought to clarify the relationship between TBI severity and the various S-NAB subtests and indices. Specifically, we aimed to investigate the utility of the S-NAB subtests and indices to TBI in terms of their ability to discriminate between mild complicated to severe TBI participants and demographically matched normative controls. We further investigate the validity of the S-NAB scores in terms of the dose-response relationship to head injury severity. We also investigate the feasibility of constructing an impairment index of the S-NAB to accurately discriminate TBI patients from demographically matched normative controls and provide normative data to aid clinical interpretation. Brooks, Iverson, and White (2009) demonstrated, with the NAB, how test sensitivity and specificity can be increased by the use of data providing multiple cut points to define abnormality, and considering multiple test scores at higher cut-offs as being indicative of abnormality. In line with the recommendations of these authors normative data will be provided for different cut-offs, considering abnormality of multiple S-NAB subtest scores at higher cut-offs.
Materials and Methods

Participants
One-hundred and four patients with mild complicated to severe TBI were recruited from a consecutive cohort of patients admitted to the major trauma unit of University Hospital Birmingham, UK. Ninety-eight control participants were selected from the NAB normative sample and matched on age and years of education.
The characteristics of the control and TBI participants are shown in Table 1 . Of the 98 control participants 65 were male and of the 104 TBI participants 81 were male. The group sizes differ slightly due to the recruitment of additional TBI participants subsequent to the obtaining of normative control data. The gender ratio was not statistically significant between the TBI and control groups (Fishers Exact Test, p = 0.084). Similarly, neither participant age (t = 0.196, p = 0.84) nor their years in education (t = 0.03, p = 0.978) evidenced a significant difference between the control and TBI participants.
Ninety-five percent of the TBI group had experienced a non-penetrating brain injury (typically road traffic accidents, falls, or assaults). Two TBI participants received penetrating injuries. As the mechanism of injury of the penetrating brain injury participants may result in a qualitatively and quantitatively different profile of impairments, z scores were calculated for the performance of the two participants with penetrating TBI on each of the NAB index scores compared to the average performance for the TBI participants. The performance of the two participants with penetrating TBI did not exceed one SD from the average performance for the TBI participants on any of the NAB index scores. They were therefore included in the analysis.
About 19% of TBI participants had an injury that was classified as a complicated mild injury, 39% were classified as of moderate severity and the remaining participants were classified as having experienced a severe injury.
The Marshall computed tomography (CT) classification (Marshall et al., 1991) was developed on the basis of 746 patients with severe TBI enrolled in the Traumatic Coma Data Bank. It focused on three key variables: presence of mass lesion, midline shift, and status of cisterns. Since its introduction in the early 90s, the Marshall CT classification has been widely accepted for its descriptive and prognostic value, and was adopted in the IMPACT prognostic model (International Mission for Prognosis and Analysis of Clinical Trials in TBI). These criteria were refined for 6-month mortality prediction (Maas, Hukkelhoven, Marshall, & Steyerberg, 2005) , leading to the Rotterdam CT score which was based on 2,269 patients with moderate and severe TBI. Definitions of Marshall and Rotterdam classification of imaging abnormities are provided in Table 2 and the frequency and percentage of participants at each grade are reported in Table 1 .
Measures
The Screening module from the NAB (NAB-SM; White & Stern, 2003) mirrors the full NAB in that it assesses five cognitive domains in around 35-40 min: (a) an Attention domain measured by orientation, digit span (forward and backward), and letter cancellation including a divided attention condition; (b) a Language domain measured by auditory comprehension and confrontation naming; (c) a Memory domain measured by immediate and delayed story recall and immediate and delayed shape recognition; (d) a Spatial domain measured by visual form discrimination and two-dimensional construction of pictured designs; and (e) an Executive Functions domain measured by speeded word generation and speeded visuomotor maze navigation. A list of the S-NAB index scores and their constituent subtests are provided in Table 3 .
The S-NAB is validated in relation to the full NAB modules with high criterion validity. The reader is referred to the NAB Administration, Scoring, and Interpretation Manual (White & Stern, 2003) for a full description. The S-NAB has a large normative sample (N= 1,448) stratified by age, gender and level of education and is suitable for use with 18-97 year olds. Scores in the present study are demographically adjusted based on age, gender, and years of education. Although differences between the UK and the US education systems means that there is no direct one to one equivalence, years of education still provides rank information about the relative educational achievement between participants and provides some control for premorbid factors in cognitive screening.
Procedure
The S-NAB was administered as part of routine clinical care to patients who had sustained a TBI of at least mild complicated severity and had been admitted to acute neurosurgical or trauma wards at a UK Major Trauma Centre. Mild Note: GCS = Glasgow Coma Scale.
uncomplicated TBI patients were not cognitively screened as part of the clinical protocol due to the likely good prognosis for full recovery (Cassidy et al., 2014; Larrabee et al., 2013; Schretlen & Shapiro, 2003) . Such patients were provided with psychoeducation and reassurance but, in accord with standard clinical practice, were not tested due to both resource limitations and the possibility of iatrogenic effects. The severity of TBI was based upon a clinical categorization using initial Glasgow Coma Scale (GCS) score (post-resuscitation if appropriate), duration of PTA, duration of loss of consciousness and imaging results (CT). Mild complicated TBI was defined in this study as any TBI where PTA was <24 hr, GCS 13-15, and LoC duration <30 min but where there was the presence of imaging abnormalities such as depressed skull fracture, evidence of bleeding, or contusions. Full details are given in the Participants section. CT scans were graded by Neurosurgical staff according to the Marshall and Rotterdam grading systems. It was ensured that patients had emerged from PTA before the time of testing. Where possible the assessment of patients on significant opiate medication was delayed until they were no longer administered opiates but this was not possible in all cases. The PTA classifications were used as per American Congress Rehabilitation Medicine definitions (i.e., mild <24 hr, moderate <1 week, severe >1 week). Moderate injury severity included persons with a GCS of between 9 and 12, a PTA duration of greater than 24 hr and less than 7 days and a LOC of less than 6 hr. Severe injury severity included persons with a GCS of 3-8, PTA duration of Greater than 7 day and a LOC of greater than 6 hr. The S-NAB was administered by senior Occupational Therapy staff or an Assistant Psychologist, all under the supervision of a Consultant Clinical Neuropsychologist. The orientation subscale of the S-NAB was not administered as it does not contribute to the S-NAB domain scores.
Results
Differences in TBI and Control Participants on NAB Index Scores
The mean NAB index scores for the TBI and control participants are provided in Table 4 . Statistical probabilities were corrected for multiple comparisons using the procedure described in Benjamini and Hochberg (1995) . The Benjamini and Hochberg correction is an effective control of false discovery rate which does not over-correct individual comparisons. Control participants scored significantly higher than TBI participants on the Screening index (t = 3.626, p < 0.01), The Attention index (t = 7.882, p < 0.01) and the Executive index (t = 5.577, p < 0.01). It should be noted that the control participants produced a level of performance on the NAB indices that is consistent with normative expectations.
The Attention Index evidenced the greatest difference in performance of 17.5 scale points. Of the two subtests that comprise the Attention Index, Digit Span backwards evidenced a significant difference between TBI and control participants (t = 2.189; p = 0.03) as did the Sequencing Numbers and Letter (Part A) Speed score (t = 10.096, p <0.001) and Efficiency Score (t = 9.801, p < 0.001). The S-N&L (A) Error score did not reach significance. The Sequencing Numbers and Letter (Part B) Efficiency Score (a measure of dual tasking/divided attention) were also significant (t = 7.99, p < 0.001).
The mean NAB subtest scores for the TBI and control participants are provided in Table 5 . The differences between TBI and Control participants on the subtests in the Language domain (S-NAM and S-AUD) did not reach significance. Within the Memory Domain only delayed story recall (S-STL-drc) reached significance in the expected direction (t = 2.928, p = 0.008). Within the Executive Domain only the Mazes subtest (S-MAZ) showed a significant advantage for control participants over the TBI group (t = 7.572, p <0.001). The Design construction task (S-DES) showed a small advantage for control participants.
Within the Visuospatial domain, the visual discrimination task (S-VIS) showed an unexpected and counter-intuitive advantage for TBI participants (t = −3.074, p = 0.025) and within the Memory domain immediate shape recognition (S-SHL-irg) showed an advantage for TBI over controls (t = −3.018, p = 0.009). Accordingly, these subtests were not included in the construction of the TBI index.
Construction of the TBI Index
The TBI Index was calculated by averaging scores on those subtests of the screening module that evidenced significant differences between TBI and control participants, with TBI performing more poorly on the subtests. These subtests were N&L (A) Speed, N&L (B) Efficiency, STLdrc, DGB, DES, and MAZ. N&L (A) Efficiency was not included as it consisted of the component speed and error scores. Following the procedure described in Crawford, Allum and Kinion (2008) , the TBI index was calculated as a T distributed variable from the demographically adjusted T scores for the following subtests of the screening module
where Av is the mean of the demographically adjusted T scores for the TBI Index subtests, the SD Av is the standard deviation of Av in the normal population, and ̅ X Av is the mean of Av in the normal population. Calculating SD Av and ̅ X Av from the performance of the control participants, this formula simplifies to
49.08 50. After the application of this procedure the mean TBI index in the control participants was 50 with a SD of 10. Accordingly, the distribution of the TBI index is consistent with standard T scores.
The reliability of the TBI Index was then calculated using the procedure described in Crawford, Garthwaite, Sutherland and Borland (2011 . The SEM for 18-59 year olds was SEM = 5.26 and for 60-97 year olds was SEM = 5.37.
Receiver Operator Characteristics of the TBI Index
The receiver operating characteristic curves described in Fig. 1 quantifies the performance of the index scores in discriminating between those individuals in the TBI group and those in the control group. Each of the Index scores and the NAB Screening Score show significant advantage over chance. However, the TBI Index evidenced the highest area under the curve, with a TBI patient having a more abnormal test result than approximately 83% of the controls participants.
The area under the curve, standard error and 95% confidence intervals (CIs) for Index scores and the NAB Screening Score are reported in Table 6 . The TBI Index showed significantly superior classification over the NAB Total Screening Index (z = 7.819, p < 0.01), the Attention Index (z = 2.531, p < 0.01) and the Executive Index (z = 4.356, p < 0.01). The area under the curve value of 0.83 for the TBI Index would be considered to be a "large" effect size.
Accordingly, the TBI index shows an advantage over the NAB Total Screening Index, the Executive Index, and the Attention Index of the NAB Screening Module. The TBI index provides an aggregate of those NAB subscales that are adversely affected by TBI. Therefore, it provides the most discriminative measure of the cognitive sequelae of TBI.
A statistically significant difference (t = 9.9, p < 0.01) was observed between the TBI Index performance of control (Mean = 50, SD = 10) and TBI participants (Mean = 34.52, SD = 12.05). This would be considered a large effect size (Cohen's d = 1.54). Fig. 1 . Receiver operating characteristic analysis of the TBI Index, the NAB Screening Score, the Attention Index, and the Executive Index. TBI, traumatic brain injury; NAB, neuropsychological assessment battery.
Generalizability
A logistic regression was calculated in order to establish whether the TBI index could accurately differentiate Control and TBI participants. This model resulted in an LR Chi 2 = 78.82 (p < 0.001), had an R 2 value of 0.28 and an overall correct classification rate of 74.5%. However, there is a risk bias in this calculation as the classification accuracy is based upon the same sample that was used for parameter estimation. Therefore, a k = 4 fold cross-validation procedure was used to assess how well the TBI index identified TBI participants who were not part of the estimation sample. This procedure splits the data randomly into k = 4 samples (or folds), then for each fold it fits the logistic regression model using the other k−1 groups (estimation sample) and uses the resulting parameters to identify TBI participants in the unused group (validation sample). Table 7 presents the parameter estimates in the entire sample and in each of the four cross-validation folds. In addition, measures goodness of fit (R 2 in the estimate and validation samples) and classification accuracy (sensitivity, specificity, positive predictive power, and negative predictive power) are provided.
The TBI Index presented stable parameter estimates and measures of goodness of fit across the four validation folds. Similarly, measures of classification accuracy were consistent across the four validation folds and when compared with the entire sample. This would suggest that prediction using the TBI index is likely to generalize to novel TBI participants.
Relationship to TBI Severity
It is commonly asserted that mild complicated TBI patients may have a similar outcome to moderate TBI. This assumption was tested by comparing the mild complicated and moderate severity TBI participants on the S-ATT, S-EXE, S-MEM, S-NAB, and the TBI Index score. No significant differences were observed. Therefore, the performance of the mild complicated and moderate groups was aggregated in examining the effect of injury severity on S-NAB scores. The performance of mild complicated/moderate TBI participants on the TBI Index, Attention Index, Executive Index, Memory Index, and the NAB Total Screening Index was compared with performance of participants with severe TBI. The TBI Index, Attention Index, and the Total Screening Index evidenced significant differences in mean performance (Table 8) .
Each of these three indices evidenced a medium effect size. Consequently the S-NAB Total Screening Index, Attention Index, and the TBI Index demonstrated a reasonable dose-response relationship to TBI severity.
Describing Performance on the TBI Index
Having calculated the TBI Index using the formulas stated above, it is possible to interpret the TBI Index as a T score (Mean = 50, SD = 10) and percentile rank may be obtained from standard conversion tables. Table 9 provides the cumulative percentage of control and TBI participants on the TBI index at or below selected percentile cut-offs. Clearly, The TBI Table 7 . Cross-validation of the traumatic brain injury (TBI) index ability to identify control and TBI participants population present with consistently lower scores on the TBI index, with 47% of TBI participants scoring at or below the 5th percentile.
The TBI index provides an aggregate of those NAB subscales that are adversely affected by TBI. Therefore, it provides a brief, optimized measure of the cognitive sequelae of TBI. However, additional information may be obtained from considering the degree of "flattening" across the profile of subtest scores. Table 10 presents the cumulative percentage of control and TBI participants with 1-5 S-NAB subtest scores at or below the different levels of impairment.
Accordingly, only 4% of control participants showed 3 NAB-S subtests below the 16th percentile whereas nearly 37% of TBI participants did so. Further, only 2% of the control participants showed three NAB-S subtests at or below the 9 th percentile whereas 32% of TBI participants showed impaired performance at this level. Therefore, the use of multiple subtests at a higher cut-off of impairment may be used to supplement the TBI index and increase clinical confidence in determining the presence of impairment. Conversely, the use of these base rate data can minimize the risk of attributing a small number of low scores as being indicative of impairment, when such low scores are common in neurologically intact populations.
Discussion
In the present study the utility and validity of the NAB Screening Module in an acute TBI population was investigated. As other authors have found, the S-NAB Indices most discriminative of TBI participants from demographically matched normative controls were the Attention and Executive Function domains (Donders & Levitt, 2012; Zgaljardic & Temple, 2010b) . This is consistent with the broader neuropsychological literature in respect of the expected deficits within moderate to severe TBI. However, as noted by (Zgaljardic & Temple, 2010b) there may be some problems in relying on the index scores, as the subtests contained within them are to some degree conceptually distinct and are differentially sensitive to TBI related impairment. For example, some subtests within the Attention Domain (Digit span backwards; Sequencing Numbers and Letter Part A Speed and Sequencing and Numbers Part B Efficiency) were discriminative while others (e.g., Digit Span forwards) were not. This was also true of the Executive Domain where the planning test (Mazes) discriminated the clinical from control group while the Word Generation did not. It is likely that the cancellation and Mazes tasks further tap into the domain of psychomotor speed which is the most common impairment post-injury (Mathias & Wheaton, 2007) , although they are not Benjamini and Hochberg probability corrected for multiple comparison. directly labeled as measuring such. Furthermore while the Memory Index did not, overall, show a significant decrement in the TBI group the delayed story recall task was discriminative. When the subtests that were more sensitive to TBI impairment were aggregated to form a new "TBI Impairment Index" then the Impairment Index showed comparable reliability (r 1,2 = 0.71 to 0.72) to the overall Total Screening Index (r 1,2 = 0.64 to 0.79) despite being composed of fewer subtests . Furthermore the TBI Index resulted in better discrimination between TBI and normal controls (AUC = 0.83) than either the Total Screening Index (AUC = 0.64), the Executive Index (AUC = 0.70) or the Attention Index (AUC = 0.78). Encouragingly the TBI Index, the NAB Total Screening Index and the Attention Index all were able to discriminate Mild Complicated and Moderate TBI patients from Severe TBI indicating that these measures show an expected dose-response relationship to TBI severity. On this basis we argue that the NAB Screening Module TBI index affords the opportunity for a brief acute screen, of only around 20 min duration, which is both reliable and valid in TBI patients.
Previous authors (Brooks, Iverson, Feldman, & Holdnack, 2009; Iverson et al., 2007) have provided data for the NAB modules which outline flexible cut scores for abnormality across a number of subtests within each domain. To increase the clinical utility of the NAB Screening Module and the TBI impairment index we have also presented clinical base rates for the number of low scores at various cut-offs in the TBI and normative controls. This has the potential to increase sensitivity of the cognitive assessment such that a larger number of "Low Average" scores may be as, or more, unusual than a smaller number of impaired scores (e.g., <5th percentile). Therefore, the presence of low performance on multiple subtests may be used to supplement diagnostic decisions using the primary TBI Index.
There are a number of limitations to the current study. Firstly, the findings are limited to an acute TBI population and the generalizability to individuals further in their recovery and receiving outpatient or community rehabilitation remains unclear. Furthermore, the control participants in the present study were demographically matched normative controls and the use of acute orthopedic controls with no head injury would arguably account better for background demographic variables, medication and general psychological trauma factors than a normative sample. One might well expect reduced discriminative ability between TBIs and controls with such a comparison group. Unfortunately since the present TBI participants were a routine clinical sample, uncomplicated mild patients, who are expected to make a full recovery, were not routinely screened and so were not available for comparison to the mild complicated group. A further limitation is that the TBI Index was tested in the same sample in which it was developed. However the results of a statistical cross-validation procedure were promising.
The predictive validity of the S-NAB subtests, and the TBI impairment index, in relation to a battery of more demanding, well validated neuropsychological tests (e.g., CVLT-II, WMS-IV, DKEFS, etc.) remains to be established. A study of the performance of the S-NAB in an outpatient sample, who are also administered a more detailed neuropsychological tests battery is currently underway with our team. A further limitation of the present findings is that participants were not screened in terms of "effort" using performance validity tests. Failure on such performance validity tests can lead to a suppression of scores on other cognitive tasks; failure is particularly prevalent where patients have an external incentive to appear impaired. However, in our experience the issue of secondary gain and external incentive (e.g., litigation) often arises in the outpatient setting once patients are discharged and is less of an issue at the very early acute stage. Future studies should control for the possible confounding effects of performance validity.
Conclusion
The S-NAB TBI index is a robust, reliable screening index for use with acute TBI patients, which is sensitive to the effects of acute TBI. It affords a briefer cognitive screen than the S-NAB and demonstrates a dose response relationship to TBI severity.
